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Torque has been defined as a force that causes the 
twist (stress) in the wire. Torsion has been defined as 
the actual twisting of the wire (strain) as a result of 
torque (Thurow, 1972). In the practice of orthodontics, 
torque is defined as the effect on a tooth of a force de-
livered by a twisted (torqued) wire.(Thurow, 1972). The 
effect of torque is to position the crown and roots of teeth 
in a facial-lingual direction by moving the center of rota-
tion from the center of the long axis of the tooth to the 
position of the bracket on the tooth. This is most effi-
ciently affected by the use of rectangular wire although 
torquing auxilliaries are utilized in light wire techniques 
that involve only round wires. 
Current orthodontic concepts acquire control of tooth 
movements in three planes of space. Optimal tooth position-
ing requires the teeth to be placed properly over their 
apical bases. Proper axial crown and root inclinations are 
necessary to insure proper occlusal function and minimize 
relapse tendencies (Andrews, 1976; Roth, 1976). To accomplish 
these gnathological concepts, root positioning is vital during 
orthodontic treatment. This requires the use of torquing 
forces (Roth, 1976). 
1 
Torque control is necessary not only in the final 
positioning of teeth, but rather thr-oughout the orthodontic 
treatment. Root inclination must be maintained in the 
anterior segment when incisor retraction is in progress. 
This prevents tipping lingually of the incisor crowns with 
concomitant labial movements of their roots into the labial 
cortical plate. Such a situation predisposes to root re-
sorption, inhibits retraction, and creates a round tipping 
effect of incisor roots. Torque is necessary to prevent 
these untoward sequalae during incisor retraction by main-
taining the proper cro~n-root inclinations during this 
procedure. 
·rorque is utilized in the posterior segments 
throughout treatment to facilitate mechanics. Placing 
2 
molar roots against the buccal cortical plates increases 
molar anchorage against canine and incisor retraction. This 
cortical anchorage will similary resist the extrusive 
component of intermaxillary elastics (Class II mechanics). 
In vertically growing faces, this root positioning will 
retard vertical eruption and alveolar growth (Bench, et al. 
1979). To accomplish this root positioning, the orthodontist 
relies upon rectangular and square wires twisted on themselves 
to create the necessary root movement. 
Torque is accomplished through the relationship of 
the square or rectangular wire and the bracket slot or tube 
attached to the tooth. The slotted bracket or rectangular 
tube acts as an intermediary which delivers the force from 
the wire to the tooth. The wire is deflected into the slot 
or tube and held in place. As the wire returns to its 
passive state, the force is transmitted to the tooth. 'iJhen 
the wire reaches its passive state, tooth movement ceases. 
J 
Until recently, torquing movements were accomplished 
by twisting the wire prior to intraoral placement. The 
wire would then be activated by deflecting it into the 
bracket or tube. 
Recent advancements in orthodontic appliances are 
said to alleviate or greatly reduce the amount of twisting 
of arch wires prior to placement by incorporating the torque 
angulations into the bracket slot or tube (Andrews, 1976). 
Thus a "straight wire" with little or no torque (twist) bends 
may be placed thereby reducing the orthodontist's wire 
manipulation. 
The fit of the square or rectangular wire in the 
slot or tube will determine how much of the torquing force is 
transmitted from the wire to the tooth. A bracket or tube 
whose internal dimensions adhere too closely to the dimensions 
of the wire will prevent movement of teeth in other planes of 
space by binding the wire and thus preventing slippage of the 
wire in the slot or tube and will also inhibit ease of place-
ment of the wire. Conversely, a bracket slot or tube of 
excessive size will allow the wire to rotate within the tube 
or slot, thus dissipating the torquing force of the wire 
4 
before it binds in the tube or slot. 
The American Dental Association maintains specifi-
cations for the manufacture of orthodontic wires (ADA, 1979). 
However, no specifications are maintained with regard to the 
tolerances in the manufacture of buccal tubes which hold 
these wire in place. Since force application and control is 
dependent upon the fit of the wire within the tube, specifica-
tions for one vvi thout the other are meaningless. 
Little has been written concerning this tube-wire re-
lationship. Charts have been published stating the rotations 
to be expected from certain sized rectangular wires in spe-
cific slot or tube dimensions (Creekmore, 1979~ Dellinger, 
197B). These figures are based on mathematical calculations 
and are published without statistical information (means, 
standard deviation, etc.). There have been few clinical or 
laboratory studies published to verify these calculations or 
to precisely establish the relationship of rectangular wires 
in buccal tubes. 
'l1his paper deals with this relationship between the 
wire and the buccal tube. Specifically the purpose of this 
researcr. is to derive the mechanical tolerance, or fit, of 
rectangular orthodontic wires in the new generation pretorq_ued 
("straight wire'') appliance buccal tubes, and to determine 
the additional amount of torsion to be placed in the wire to 
offset the torquing force lost due to the angular rotation of 
the rectangular wire within the tube. 
CEAPTER II. 
REVIm'J OF LITERATURE 
Edward Angle in 1916 introduced the first appliance 
capable of controlling tooth movement in three planes of 
space. The introduction of the pin and tube (ribbon arch) 
mechanism enabled orthodontists to control and distribute 
force properly for the movements of roots of teeth, in con-
junction with or independently of their crowns. He claimed 
this appliance could efficiently control the applied forces 
in a manner more closely correlated to the requirements of 
tissue physiology. 
Angle believed the duty of the orthodontist was not 
merely to straighten teeth, but rather to restore lost 
function or to establish normal function. This meant not 
only controlling the relations of the inclined planes of 
tooth crowns but also placing their roots in given normal 
positions with the necessary development of alveolar bone 
for their support. 
Angle at that time believed the ideal orthodontic 
appliance must control the amount, direction, and distribution 
of force for all necessary tooth movements, while at the 
same time possessing the greatest possible simplicity and 
delicacy. He believed the ideal mechanism should deliver a 
5 
.a-entle constant force in the applied direction only. 
Q 
His pin and tube appliance involved the use of a 
.022 inch by .036 inch ribbon arch. Force was transmitted 
6 
from the wire to the tooth roots through the "vise-lilte grip" 
of the arch by the brackets. The direction of force upon 
the roots depended upon the angle of inclination given to the 
parallel sides of the ribbon arch, before it was sprung into 
the brackets. Labial or lingual movement of the root only, 
was accomplished by placing bends in the ribbon arch in the 
region of the bracket to the tooth involved which would flare 
the arch wire e·i ther inward or outward prior to bracket en-
gagement. After engagement, the. wire would bind, thus 
exerting the desired directional force to the root. 
On terminal molars, Angle used a curvilinear sheath 
which gave control over the direction of force for moving the 
roots of the anchor teeth either buccally or lingually, in 
conjuction with or independent of crown movement. The curved 
sheath effectively prevented the turning of the ribbon arch 
within it, thus insuring complete control over the force 
according to the perpendicularity of the walls of the ribbon 
arch prior to placement. 
Robert H. Strang introduced the term "torque" into 
orthodontic literature in 1925. He stated this type of force 
application was unavailable until the evolution of the ribbon 
arch. Torque, according to Strang, was the " ... tvvisting 
force of a spring wire when turned upon itself .... " Owing to 
7 
the accuracy of the fit of the ribbon arch in the tube, 
strang believed any twist given in that area of the arch 
which lies within the tube produced pressure upon the tooth 
to which the tube is attached. Strang believed the major 
problem with the ribbon arch appliance was the inability of 
the operator to understand and control the new torque force. 
This led many to discard its use. 
Allen G. Brodie (1927) in critiquing the ribbon arch 
mechanism agreed with Robert Dunn and B. Frank Gray (JADA 
January 1927) that the tube-ribbon arch relationship allowed 
molar anchorage control in an additional plane of space. This 
he believed was a major advancement in orthodontic therapy. 
Malcolm M. McKenzie (1927) noted torquing force was 
made available to the orthodontist for the first time, owing 
to the accurate fit of the ribbon arch in the tubes and 
brackets. He called this force a "genie" which worked wonders 
for those who can master its control, and a "devil" for those 
who do not understand it. 
In 1928, Angle introduced the edgewise mechanism. 
The primary advantage he stated, over the ribbon arch appli-
ance was in", .. having greater power under certain conditions 
and for greater elasticity or range of operating force under 
others ... as in effecting forms of root movement, tipping 
teeth into their correct upright axial relations .... " 
Brodie in 1932, stated the use of torque was con-
traindicated as a source of increased anchorage. He was the 
8 
first to note the need for progressive torque distal to the 
cuspid to avert unwanted reactions to molar torque, until it 
is transferred to another plane of space as either intrusion 
or extrusion (Brodie, 19JJ). 
Erman D. Rauch in 1959, defined torque as the force 
that enables the orthodontist to control the axial inclinations 
of teeth and to place them in harmonizing positions that are 
desirable for a nicely finished result. "Torque", he stated, 
"is the force that gives the clinician control over the move-
ment of roots of teeth. Torque", he continued, "is the twist-
ing of the edgewise wire." 
Rauch noted the amount of twist in the wire did not 
indicate the torque force delivered to the teeth, since the 
amount of forc2 delivered is determined only by the relation-
ship of the 'Nire to the tube in which it is engaged, and the 
position of the tube is determined by the position of the 
tooth in question. 
Joseph Jarabak (1960) noted forces derived from rectang-
ular wires fitted into close tolerance brackets impede the 
normal biologic processes needed for a tooth movement free 
from damage to bone, cementum and roots. Consequently, he be-
lieved a small amount of "play" between wire and bracket is 
necessary to allow for the application of physiologic forces. 
These physiologic forces have been judged to be as much as 
1JO gm. as described by Reitan (1957). He believed that 1JO gm. 
at the root apex would cause direct bone resorption without any 
hyalinzation. Brian Lee (1979) found 200 gm./cm2 of enface 
root surface optimum for proper physiologic tooth movement. 
9 
Enface root surface was defined as the amount of root surface 
e:;:posed to the direction of tooth movement. Combining Lee's 
studies with his own, Ricketts (1979) judged 100 gm./cmJ of 
enface root surface the optimum value. Thus considering 
average tooth sizes a lower first molar would require 105 gm. 
of force to be transmitted from the wire to the root of the 
tooth to produce efficient torquing movement. Similarly, for 
an upper first molar, 135 vns. are needed to torque the roots 
properly and safely. As Rauch (1956) emphasized, the force or 
torque in the wire is not the force delivered through the tube 
to the tooth, rather some of that torque is dissipated through 
the "play" of the wire in the tube. 
In his text, Jarabak (1960) defined torsion as a body 
being stressed in such a manner that adjacent segments are 
rotating with respect to one another. In 1960, he found the 
tolerance relationship for a wire and slot or tube to be for 
each 0.001 inch wire-to-tube clearance there is a torque loss 
of from J to 5 degrees. Thus the more wire-to-tube clearance, 
the less effective will be the torque force. 
Ee expanded on this concept in 196J, stating the loss 
of twisting motion caused by the clearance between the arch 
wire and the tube reduces the efficiency of the edgewise 
appliance. Eowever, a small clearance is necessary in order 
to get the wire correctly seated. Jarabak found a linear 
relationship between clearance and degrees of torque lost 
through rotation. He tested both a .016 inch x .016 inch 
wire and a .0215 inch x .028 inch wire. His results are 
shovm in Figure 1. 
.016 in. x .016 in. wire 





/ . 0215 in. x .028 in. wire 
lost degrees5 








v / / "-~~= 7 / / 





.001 in. o:f clearance 
Figure 1. Torque dissipation per .001 in. clearance. 
( .Jarabak, 1960) 
Jarabak (1963) emphasized the physics involved with 
creating torque with the edgewise appliance. There must be a 
two point contact between the tube (holding device), and the 
wire. Thus the wire will rotate in the tube until opposite 
corners of the wire bind against the walls o:f the tube. 
R.C. Thurow (19?2) believed torque control with rec-
tangular wires was the only movement that required close 
engagement of wire and tube or slot. He found a .001 inch 
freedom of tbe v1ire in the slot created a 2 to 4 degree free-
dom in tipping in the direction of the torque. A difference 
of .002 inch brought this freedom to well over 5 degrees. 
Consequently he concluded the thickness of any rectangular 
wire used for torque control should be kept within .002 
inches of t~e width of the slot or tube. He noted even a 
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.016 inch by .016 inch wire in an .018 inch tube would provide 
excessive freedom. 
An important consideration, Thurow (1972) thought, 
in torque action is the use of undersized wires. Wires that 
fit the slot too precisely should never be used to torque 
individual teeth. ~Jhen a vdre with torque action is seated 
in a bracket or tube, the twist of the wire will tip the 
adjacent tooth in the opposite direction. This adjacent tooth 
will not be permanently moved if the arch is left in place 
long enough to return to the passive state but in the course 
of the movement the tooth will have been subjected to unnec-
essary baclc and forth action. 
Wires adjusted to torque individual teeth, he noted, 
should be sufficiently undersized to allow the adjusted wire 
to rotate in the slot of the adjacent tooth with no torque 
action on that tooth. Conversely in situations where all the 
teeth in an arch need some simultaneous torquing action, a 
close fit in the slots is not such a problem. In these cases 
the wire can en,gage all teeth and move them simultaneously 
without adverse actions on idividual teeth. He concluded the 
basic rule in this adjustment is the arch wire should be 
sufficiently undersized to permit free reverse movement equal 
to any active torque action that is being applied to an 
adjacent tooth. Freedom of .001 inch or .002 inch will 
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provide this marsin. 
David Shrody ( 1971-J.) tested and described the complex 
reaction that occurred v1hen a rectangular arch wire was 
placed in an ed.::ewise bracket. Placing torque in the max-
illary anterior region created varied countertorques and 
linear reactions in the buccal segments. Using a tension 
gauge to measure forces, he found a reactive system of counter 
forces includinz intrusive forces, contractile forces and 
countertorque, all of which varied depending upon the amount 
of torque placed in the anterior region. He found the counter 
torque in the archwire passified in an anterior to posterior 
direction, i.e. the first premolar would react, then the 
second premolar, and finally the molar. Thus he substan-
tiated what Brodie (19JJ) stated concerning the necessity of 
progressive torque posterior to the canine. 
Obviously with all these complex actions and counter-
actions occurring simultaneously, the operator must be aware 
of what his appliance is capable of delivering and just ~s 
important, v1ha t it is incapable of delivering. ltJi thout 
specific knowledge of the wire-to-tube interplay occurring 
within his appliance, the operator cannot efficiently control 
his mechanics. 
Eugene Dellinger in evaluating the straight wire 
concept (1978) stated most orthodontic treatment is under-
taken with less than full size arch wires, creating an unfor-
tunate lack of control between bracket and wire. The lack of 
rigid control offered by this relationship is knovm as the 
deviation angle. He ~ublished tables of effective torque 
and deviation angles (torq_ue loss throue;h rotation). This 
information was provided to him by the Unitek Corporation 
(Dellinger, 1980) (Tables A-1, A-2). The figures in these 
charts are based on calculations using the manufacturer's 
1J 
mean manufacturing specifications for bracket slot and wire 
dimension. The formula derived for this calculation was: 
b - a!a2+b 2-c 2 Deviation .. :lngle == ARC SIN c 2y_ 2 a +b 
Where a == height of rectangular wire 
b == width of rectangular wire 
c == vertical internal dimension of the slot 
The tables shovv deviation angles varying in range from 
9.62 de~;--rees for a .016 inch wire in an .018 inch slot, to 
1.50 degrees for a 0.018 inch X .025 inch wire in the same 
.018 inch slot. Similarly a .017 inch x .017 inch wire in a 
.022 inch wire in the same slot will bind after 0.66 de~ees 
rotation. These figures are theoretical based on a calcula-
tion and assuming the stated dimensions to be correct with no 
manufacturing imperfections. 
Dellinger wisely added that normal manufacturing 
tolerances can further add to the lack of control since the 
wire may be at the minimum allowable tolerance and the bracket 
or tube may be the maximum allowable tolerance. The control-
lin~ of tolerance is left to the manufacturer since the ADA 0 
(1979) has no specifications for bracket and tube tolerances. 
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An additional chart published by Dellinger (1978) and 
supplied by Unitek, displays the amount of theoretical rota-
tion of the minimum tolerance and wire in the maximum tolerance 
bracl{et slot ('.rable A-3). The deviation angle range for in-
a::-easing size wires was from 12.09 degrees to 2.67 degrees for 
.018 inch slot and 26.78 degrees to 2.01 degrees for .022 inch 
slot. The theoretical value was derived from the same formula 
sho'im above. 
In 1978, Schwaninger (1978) stated the importance of 
the amount of play between various dimension arch wires and 
~bes. He stated exact dimensions would produce 2 degrees of 
"play" for a .021 incy x .025 inch wire in an .022 inch x .028 
inch slot, 7 degrees for a .019 inch x .025 inch and 12 degrees 
for a .017 inch x .025 inch wire all in the .022 inch x .028 
inch slot. His own study showed that in an .022 inch x .028 
inch slot, the .021 inch x .025 inch wire rotated 5 degrees, 
the .019 inch x .025 inch wire produced 15 degrees rotation, 
and the .017 inch x .025 inch wire had a deviation angle of 
25 degrees. This was caused he concluded, because the man-
ufacturers produce slot sizes slightly larger and wire dimen-
sions slightly smaller than ideal sizes. 
Thomas Creekmore (1979) noted even finishing with a 
full size wire in the slot, adjustments must be made to com-
pensate for the ''play" of the wire in the slot to accomplish 
the desired tooth placement. For example, according to 
Creel{more, if your strai~_:;h t wire appliance incorporates 7 
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degrees torque on the central incisors, J degrees on the 
laterals, -7 degrees torque on the cuspid and -7 degrees on 
the bicuspid and -10 degrees on the molars, a .018 inch x 
.025 inch wire in an .022 inch x .028 inch slot would have no 
influence whatsoever on any of these teeth because the "play" 
due to the difference between wire dimension and slot size is 
greater than all the torques in the appliance. 
Similar to Dellinger (1978), Creekmore published a 
chart of effective torque for various wires in the two conven-
tional dimension edgewise appliances (Tables A-4, A-5). 
Again these charts were courtesy of Unitek Corporation. They 
stated the .018 inch slot actually had a mean dimension of 
,01845 inch which a tolerance range of .0182 inch - .0187 
inch. The .022 inch slot was stated to actually have a mean 
value of .02225 inch with a tolerance range of .0220 inch -
.0225 inch. The "play" on deviation angles varied from the 
charts published by Dellinger with torque losses varying from 
16.7 degrees for the .016 inch x .016 inch wire in the .018 
inch slot, to 2.0 degrees for the .018 inch x .025 inch wire 
in the same slot. In the .022 inch appliance, the claim is 
made that a .017 inch x .017 inch wire rotates )60 degrees, 
consequently ineffectual for creating torquing moments. A 
full size wire (.022 inch x .022 inch) delivers 1.0 degrees 
deviation angle according to the Creekmore chart. 
Bench, Gugino, and Hilgers (1979) present the treat-
ment philosophy of Robert Ricketts in Bioprogressive Therapy. 
They stated: 
••• the orthodontic movement of teeth occurs as 
a result of the biological response and the 
physiological reaction of the forces applied by 
our mechanical procedures. Therefore, when we 
design our various appliances, it is important 
to appreciate the forces they generate in a 
given treatment procedure and the physiological 
response to those forces •••• 
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An objective of Bioprogressive therapy is to establish 
and maintain torque throughout treatment. Using specific 
dimension arch wires to create specific force magnitudes, 
they control torque throughout treatment. Torque is placed 
in the buccal segments to place the molar roots against the 
buccal cortical plate of the alveolus, thus creating an 
anchorage base against which they can torque and intrude 
incisors, retract cuspids, retract the anterior segment 
maintaining its own torque, and resist the extrusive component 
of Class II elastic mechanics. This cortical anchorage is 
established early in treatment through the use of square and 
rectangular archwires. The .016 in.ch x .022 inch wire is 
used in the upper arch and the .016 inch x .016 inch square 
wire is used in the lower arch. Assuming an .018 inch 
appliance all torque and consequently all cortical anchorage 
is dependent upon sufficient force being transmitted from 
the wire to the tooth by way of the buccal tube. Thus the 
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deviation angles created play a critical role in these 
mechanics. It is vital to know how much torquing capability 
is dissipated due to the freedom of the wire in the tube. 
In his masters thesis, Eliezer Raphael (1978) 
measured the rotation of rectangular wire will rotate 
prior to binding in a conventional buccal tube, consequently 
more torsion must be placed in the wire to accomplish the 
desired tooth movement since some torque is indeed dissipated 
through rotation. He studied four dimensions of rectangular 
wire, while testing two lumen size tube types. He used .016 
inch x .016 inch square and .016 inch x .022 inch rectangular 
wire to test the .018 inch x .025 inch lumen size buccal 
tubes. To test the larger .022 inch x .028 inch lumen, he 
used the .019 inch x .026 inch and .018 inch x .022 inch 
rectangular wires. He tested and compared the buccal tubes 
according to their means of manufacture, that is mandrel 
formed, milled, inconel, and cast. 
Mandrel formed tubes were produced by wrapping a 
straight piece of metal around a standard metal rod or 
mandrel. Milled tubes had the slot machined into a metal 
block. Inconel tubes were produced by only a single company 
and sold to the orthodontic manufacturers. It consisted of 
a single seamless drawn tube, which was subsequently rolled 
to a rectangular shape and cut to the desired length (Struch, 
1980). Cast tubes had only just been introduced to the 
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orthodontic field at this time. 
Each of the tubes submitted to this study, even 
though manufactured under the same method, exhibited different 
lumen size and form within their own group. A .016 inch x 
.016 inch square wire was shown to rotate )60 degrees in 
the milled tubes. The mandrel formed tubes showed variation 
in the amount of rotation within the tube depending upon the 
manufacturer. The .016 inch x .022 inch wire in the .018 inch 
x .025 inch tube binded at approximately 12 degrees for one 
company and 15.25 degrees in another company's product. Cast 
tubes, which at the time of his research were purported to be 
the most accurate to provide the closest fit between lumen 
size and wire, were found to be lacking. The .016 inch x 
.016 inch square wire rotated in the .018 inch x .025 inch 
cast tube approximately 22 degrees, which was more than the 
mandrel formed tubes. 
CHAPTER III 
MATERIALS AND METHODS 
This research studied the relationship between square 
and rectangular wires and the new generation of pretorqued 
("straight wire") appliance buccal tubes. 
Involved in this study were six Rocky Mountain Tru 
chrome stainless steel wires and buccal tubes from five 
companies manufacturing pretorqued systems, in the two con-
ventional edgewise lumen sizes ( .018 inch and .022 inch). 
The wire dimensions chosen were those usually involved 
with the application of torque in the two sizes of appliances . 
. 016 inch x .016 inch square, .016 inch x .022 inch, and 
.017 inch x .025 inch wires were used to test the .018 inch 
tubes. The .016 inch x .016 inch and .016 inch x .022 inch 
wires are used for utility arches and closing loop arch wires 
whereas the .017 inch x .025 inch wire is a common finishing 
wire. For the .022 inch tubes, .018 inch x .022 inch, .019 
inch x .026 inch, and .021 inch x .025 inch dimensions were 
chosen. .018 inch x .022 inch wire is used in the formation 
of utility arches. .019 inch x .026 inch is a common closing 
loop arch wire, and .021 inch x .025 inch is a popular finish-
ing arch in .022 inch mechanics. The wires were randomly 
selected from the supply of the Loyola University Dental 
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School, Department of Orthodontics. Rocky Mountain wire was 
chosen because it is the only rectangular wire intentionally 
manufactured with square corners (Dellinger, 1980). 
Ten tubes for each appliance size were obtained from 
the five manufacturers of pretorqued systems (Ormco*, Rocky 
Mountain**, Unitek***, A Company****, American*****), The 
tubes were for mandibular right second molars. Second molars 
were chosen to enable the use of single tube units which were 
desirable for ease of placement in the testing apparatus. 
Ordinarily there are three common types of manufacture of 
buccal tubes; cast, milled, and inconel (drawn) (Jarabak, 
1979). However, in the new generation appliances only cast 
and milled procedures are utilized. Ormco, and Unitek are 
cast tubes, American and Rocky Mountain are milled and capped 
and the A Company tube is cast as a solid block with the slot 
milled in and subsequently capped. 
The testing device was the Unitron Metallographic 
microscope model N (Fig. 2). Adapted to the microscope was 
a rotating stage (Fig. 3). An adjustable vise (Fig. 4) was 
attached to the rotating stage to enable firm placement of 
*Level Arch-Prmco Corp., 1332 S. Lane Hill Ave., Glendora 
California 91740 - Cat. No. 012-0116, 012-0115 
**Triple Control-Rocky Mountain Corp., P.O. Box 17085, 
Denver Colorado 80217 - Cat. No. A-4893, A-4897 
***Twin Torque-Unitek Corp., 2724 S. Peck Road, Monrovia 
California 91016 -Cat. No. 067-212, 067-312 
****Straight Wire-A Company, P.o. Box 81247, San Diego, 
California 92138 - Cat. No. L7R-018/S, L7R-022/S 
*****Triple Action-400 Series-American Orthodontics, 1714 
Cambridge Ave., Sheboygan, Wisconsin 53081 -Cat. No. 
004-445, 004-447 
the buccal tubes to be tested in the center of the stage. 
Above the stage a spring loaded holding vise (Fig. 5) was 
placed to hold the rectangular wires that were rotated in 
the buccal tubes. As with the rotating stage, the spring 
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vise was mounted with two adjustable screws which enabled 
centering of the wire over the tube, thus making the whole 
system coaxial (Fig. 6). The light source was a Xenon lamp 
(Fig. 7) whose beam was reflected through the microscope lens 
to the sta~e. Observation was accomplished on the microscope's 
four inch by five inch viewing screen. The image on the view~ 
ing screen was projected at a magnification of 75X. 
The six wires were measured to find their actual 
cross sectional dimensions. A Browne and Sharpe micrometer 
was used. Dimensions were read to the closest .0001 inch 
(Table 1). 
The 100 tubes (10 tubes in .018 slot, 10 tubes in 
.022 slot, for each of 5 manufacturers) were measured to find 
their actual internal lumen dimensions. An American Optical 
Co. micrometer slide of 2 mm. divided into hundredths of a mm. 
was used to calibrate the measuring reticle in the microscope. 
1 unit on the reticle = .02 mm. Horizontal and vertical 
measurements of the mesial and distal ends of the buccal tubes 
were taken and recorded in reticular units, then converted to 
millimeters as calibrated. Measurements were recorded in 
inches by converting the millimeter measurement with a TI-55 
Texas Instruments Calculator. Measurements were recorded to 
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four decimal places. Means and standard deviations were cal-
culated for each group of ten tubes (Tables 2,J). 
Af~er setting up the Unitron apparatus, care was 
taken to ensure the light source, center of rotating stage, 
spring loaded hold rise, and center of the view box were all 
coaxial. Consequently the center of the lumen of the buccal 
to be tested, when locked in the vise would be as close to 
the center of the view box as possible. Also the wire 
suspended by the spring loaded vise could be lowered into 
the lumen in a passive state. 
Each of the 97 tubes (Unitek sent only 7 tubes for 
the .022 appliance) was locked in the vise with the mesial 
end toward the lens (down). Each of the three testing wires 
were placed into the lumen in a passive state. The stage 
carrying the vise and the tube was then rotated clockwise 
and counterclockwise until binding of the wire occurred in 
the tube. This was judged visually. The number of degrees 
of rotation until binding occurred was recorded. Six mea-
surements were recorded in each direction, thus 12 measure-
ments were made on each tube for each of the three wires. In 
all, a total of 3492 measurements were made for all tubes. 
As the tubes were tested, a representative tube for each slot 
dimension was photographed with each of the three wires in 
place. Macrophotographs were taken of each wire resting 
passively in the representative tube and also binding in the 
tube (Fig. 8 through 67). 
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After each tube was tested for a given wire, the 
entire apparatus was checked for coaxiality prior to dropping 
the next wire into the lumen. 
Figure 2. Unitron metallographic microscope. 
(Model N) 
Figure J. Rotating stage. 
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Figure 4. Adjustable vise on rotating stage. 
Figure 5. Spring loaded vice with test wire. 
Figure 6. Testing wire inserted into 
sample tube, 




Table I indicates the actual horizontal and vertical* 
crossectional dimensions of the wire used in this study, 
compared to the stated dimensions. 
Tables II and III involve the internal dimensions of 
the lumens of the 97 tubes used in the study. Measurements 
were made with a grid inside the eye piece of the microscope, 
calibrated with the use of an American Optical Co. slide 
containing a 2 millimeter measurement divided into hundredths 
of a millimeter. The calibration determination was 1 unit 
equal to .02 millimeter, Millimeters were converted to 
inches with the use of a calculator as stated in Materials 
and Methods. In all cases, the widest measurement was made. 
Table II shows the means and standard deviations in 
inches for the mesial and distal ends of the lumens for the 
companies involved in the study. 
Table III displays the horizontal and vertical inter-
nal lumen dimensions combining the smaller of the mesial and 
distal dimensions in both the vertical and horizontal dimen-
*In this paper, horizontal refers to the long axis of the 




sions. This was done because binding of the wire within the 
tube will occur at the smaller dimension. 
Table IV reveals the deflection angles of each wire 
size within the tubes for the companies tested. This shows 
how much rotation occurs within the tube prior to binding. 
Means, standard deviations, and ranges are included. 
Tables V through VII show a completely randomized 
analysis of variance test to compare manufacturers with 
respect to their angles of deflection for each wire used in 
the .018 slot appliances. The Dunson Multiple-Range Test 
(K test) was employed to compare manufacturers. 
Tables VIII through X are similar to Tables V through 
VIII, but show the results for the .022 slot appliances. 
Tables XI and XII individually compare manufacturers 
as to their angles of deflection for each wire size based on 
the randomized analysis of variance and the Dunson Multiple-
Range Test. Significance is judged at the p(.05 level. 
Table XI contains comparisons of tubes in .018 inch appliance 
whereas Table XII compares tubes of the .022 inch appliance. 
Tables XIII and XIV compare the theoretical or cal-
culated values for the angles of dflection to the experi-
mental values. The theoretical values were based on the 
Where / = deflection angle 
a = vertical measured wire dimension 
b = horizontal measured wire dimension 
c = vertical measured lumen dimension 
29 
Calculations incorporated the measured wire dimension (Table I) 
and the smaller of the measured lumen dimensions (Table III). 
Table XIII is a comparison of .018 slot tubes, while 
Table XIV compares the .022 slot tubes. 
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TABLE I 
CROSS SECTIONAL DIMENSIONS OF WIRES USED IN STUDY 
STATED WIRE DIMENSION 
.016 X .016 
.016 
MICROMETER MEASURED DIMENSIONS 
.0159 X .0159* 
X .022 
.017 X .025 
.0157 X .0219 
.0169 X .0249 
• 018 X .022 .0176 X .0222 
.019 X .026 .0189 X .0258 
.021 X .025 .0205 X .0249 
Wires measured with Browne and Sharpe micrometer. 
Rocky Mountain Tru-Chrome wires used. 
*Measurement inches - three measurements along length of wire. 
All measurements were equal. 












*Mean .:!::. 1 standard 
TABLE II 
MEANS AND STANDARD DEVIATIONS 
OF MEASURED INTERNAL LUNlliN DINlliNSIONS 
OF BUCCAL TUBES 
MESIAL 
.0188 + .00035 X .0267 2:. .00065* .0192 2:. 
.0208 + ,00077 X .0304 + .00080 .0209 2:. 
.0181 + .00050 X .0284 + .00011 .0184 + 
.0180 + .00057 X .0252 + .00060 .0181 + 
.0179 + -.00094 X .0332 + .0015 .0179 2:. 
MESIAL 
.0215 2:. ,00054 X .0289 + .00078 .0242 + 
-
.0241 + ,00070 X .0311 + .0017 .0234 2:. 
.0223 + .00066 X .0314 + ,0015 .0222 + 
.0214 + ,00033 x .0296 :! .0015 .0218 + 
• 0221 + .00098 X .0317.:!::. .00067 .0222 2:. 
deviation measured in inches. 
DISTAL 
,00076 X .0273 + .00080 
.00010 X .0300 + .00080 
.00064 X .0285 2:. .00017 
.00036 X .0255 .:!::. .00045 
.00079 X .0328 .:!::. .0020 
DISTAL 
.00030 X .0305 + .00010 
-
.0017 X .0315 + .0015 
.00063 .0320 -X + .0022 
.00060 X .0291 + .0012 
.00086 X .0318 2:. .0012 
TABLE III 
SMALLER HORIZONTAL AND VERTICAL MEASURED INTERNAL 
LUMEN DIMENSIONS OF BUCCAL TUBES COMBINED 
.018 INCH TUBE .022 INCH TUBE 
Ormco .0188 X .0267* .0215 X .0289 
Unitek .02Q8 X .0300 .0234 X .0311 
A Company .0181 X .0284 .0222 X .0314 
Rocky Mountain .0180 X .0252 .0214 X .0281 
American .0179 X .0328 .0221 X .0317 
*Measurement in inches. 
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TABLE IV 
MEANS, STANDARD DEVIATIONS, AND RANGES OF DEFLECTION ANGLES 
OF BUCCAL TUBES FOR GIVEN WIRE DIMENSIONS 
.016 X .016 .016 X .022 
.018 INCH TUBE X .!. SD RANGE X .!. SD RANGE 
Ormco 65.1+11 • .32 (.3.3.2-69.9)* 11.4+1.12 ( 9.5-12.7) 
Unitek .360 ~ o.oo (.360-.360) 16.4+1.11 (15.2-18.8) 
A Company 19.1+ _3.05 (12.8-24.0) 9.6+0.92 ( 8.5-11.0) 
Rocky Mountain 24.6+ .3·2.3 (20.0-29.2) 10.4~0.7.3 ( 9.4-11.2) 
American 20.0~ 1.88 (16.9-22.1) 10.0.!_0.51 ( 8.9-11.2) 
..!..018 X .022 ..!..019 X .026 
.022 INCH TUBE X~ SD RANGE X .!. SD RANGE 
Ormco 24.6~_3.60 (17.8-_30.5) 12.8.!_2.38 (12.0-16.7) 
Unitek _30.2.!_1.58 (28.0-.31.9) 16.6+0.71 (15.5-17.2) 
A Company 2_3.2~1.15 (21.7-25.0) 12.9~) .16 (10.9-14.7) 
Rocky Mountain '21. 2+1. 56 (19.0-2_3.4) 11 • .3~0.98 (10.1-1_3.6) 
American 2.3·7~1.44 (21.2-25.6) 11.2~2.57 ( 6.4-1_3 • .3) 
*Mean ~ 1 standard deviation and range in degrees. 
..!..017 X .025 
X .:!:. SD RANGE 
6.7+0.96 (5.5- 8.6) 
10._3+"0.74 (9.2-11._3) 
s.s+J.14 (o.o- 8.9) 
J.J+t.61 <o.o- s.J) 
6.0~0.89 (4.?- 7.5) 
.021 X .025 X ~ SD RANGE 
8.5+2.88 (4.9-14.7) 
10.,3+"1.25 (9.4-1,3.0) 
6.2+1.25 (4.6- 8.2) 
5.6+0.78 (4.4- 6.4) 





K = 37.92 
X (degrees) 
ss = sum of 
df = degrees 
rrABLES V 
ANALYSIS OF VARIANCE OF DEFLECTION ANGLES FOR 
.016 INCH x .016 INCH WIRE IN .018 INCH BUCCAL TUBES 
ss df rvrs 
875272.96 49 
834812.66 4 208703.17 
40460.3 45 
A Company American Rocky Mountain Ormco 
19.1 20.0 24.6 65.1 
squares 
of freedom 
MS = mean square 
F = F· ratio 
p = probability 
K = K value 






ANALYSIS OF VARIANCE OF DEFLECTION ANGLES FOR 





K = 1.15 
A Company 
X (degrees) 9.6 
SS = sum of squares 
df = degrees of freedom 
MS = mean square 
F = F ratio 
P = probability 
K = K value 





American Rocky Mountain Ormco 
10.0 10.4 11.4 
F p 




ANALYSIS OF VARIANCE OF DEFLECTION ANGLES FOR 
.017 INCH x .025 INCH WIRE IN .018 INCH BUCCAL TUBES 
SOURCE ss df MS 
Total 394.04 49 
Between 260.62 4 45.15 
Within 133.42 45 2.964 
K = 2.17 
Rocky Mountain A Company American Ormco 
X (degrees) 3·3 5·5 6.0 6.7 
ss = sum of squares 
df = degrees of freedom 
MS = mean square 
F = F ratio 
p = probability 
K = K value 
X = mean defection angle 
F p 




ANALYSIS OF VARIANCE OF DEFLECTION ANGLES FOR 





K = .3.22 
Rocky Mountain 
X (degrees) 21.2 
SS = sum of squares 
df = degrees of freedom 
IvlS = mean square 
F = F ratio 
P = probability 
K = K value 





A Company American Ormco 
2).2 2.3.7 24.6 
F p 




ANALYSIS OF VARIANCE OF DEFLECTION ANGLES FOR 
.019 INCH x .026 INCH WIRE IN .022 INCH BUCCAL TUBES 
SOURCE ss df MS 
Total 283.63 46 
Between 148.49 4 37.12 
Within 135.14 42 3.22 
K = 2.36 
American Rocky Mountain Ormco A Company 
X (degrees) 11.3 11.3 12.8 . 12.9 
ss = sum of squares 
df = degrees of freedom 
MS = mean square 
F = F ratio 
p = probability 
K = K value 
X = mean deflection angle 
F p 




ANALYSIS OF VARIANCE OF DEFLECTION ANGLES FOR 





K = 2.50 
American 
X (degrees) 5.6 
SS = sum of squares 
df = degrees of freedom 
MS = mean square 
F = F ratio 
P = probability 
K = K value 





Rocky Mountain A Company Ormco 
5.6 6.2 8.5 
F p 




COMPARISON OF MANUFACTURERS BASED ON MEAN ANGLES OF DEFLECTION 
.018 INCH BUCCAL TUBES 
MANUFACTURER 
Ormco VS Unitek 
Ormco VS A Company 
Ormco VS Rocky Mountain 
Ormco VS American 
Unitek VS A Company 
Unitek VS Rocky Mountain 
Unitek VS American 
A Company VS Rocky Mountain 
A Company VS American 
Rocky Mountain VS American 











SD = Significant difference at P<.05 level 
NSD = No significant difference 























COMPARISON OF N~UFACTURERS BASED ON MEAN ANGLES OF DEFLECTION 
.022 INCH BUCCAL TUBES 
MANUFACTURER 
Ormco VS Unitek 
Ormco VS A Company 
Ormco VS Rocky Mountain 
Ormco VS American 
Unitek VS A Company 
Unitek VS Rocky Mountain 
Unitek VS American 
A Company VS Rocky Mountain 
A Company VS American 
Rocky Mountain VS American 











SD = Significant difference at P(.05 level 
NSD = No significant difference 























COMPARISON OF THEORETICAL (CALCULATED) VALUES 
AND EXPERIMENTAL VALUES FOR ANGLES OF DEFLECTION (DEGREES) 
.018 INCH BUCCAL TUBES .016 X .016 INCH .016 X .022 INCH .017 X .025 INCH 
MANUFACTURER THEO. EXP. THEO. EXP. THEO. EXP. 
Ormco 11.73 65.1 8.60 11.4 4.50 6.7 
Unitek 22.67 360.0 14.83 16.4 9·55 10.3 
A Company 8.61 19.1 6.56 9.6 2.81 5.5 
Rocky Mountain 8.18 24.6 6.28 10.4 2.56 3·3 
American 7·75 20.0 5·95 10.0 2.33 6.0 
THEO. = Theoretical value in degrees 
EXP. = Experimental value in degrees 
TABLE XIV 
COMPARISON OF THEORETICAL (CALCULATED) VALUES 
AND EXPERIMENTAL VALUES FOR ANGLES OF DEFLECTION (DEGREES) 
.022 INCH BUCCAL TUBES .018 X .022 INCH .019 X .026 INCH ,021 X .025 INCH 
MANUFACTURER THEO. EXP. THEO. EXP. THEO. EXP. 
Ormco 10.95 24.6 6.01 12.8 2.33 8.5 
Unitek 17.28 30.2 10.80 16.6 9.15 10.3 
A Company 13.18 23.2 7·73 12.9 4.03 6.2 
Rocky Mountain 10.65 21.2 5.76 11.3 2.11 5.6 
American 12.83 23.7 7.48 11.2 3.78 5.6 
THEO. = Theoretical value in degrees 
EXP. = Experimental value in degrees 
CHAPTER V 
DISCUSSION 
Table I shows the actual dimensions of the wires 
used in this study. As expected the actual dimensions are 
slightly smaller than the stated dimensions, with the excep-
tion of the .018 inch x .022 inch wire which showed a hori-
zontal dimension of .0222 inch. This undersizing of wires is 
an intentional attempt to facilitate placement in the appliance 
The operator must be aware that he is working with a smaller 
than stated dimension of wire since it does have an effect 
on tooth movement, particularly dissipation of torquing force. 
Rocky Mountain Tru-chrome wires were chosen for this study 
because their manufacturing process produces square corners. 
Other manufacturers produce wires with intentionally rounded 
corners (Dellinger, 1980). This rounding again facilitates 
placement of archwires into the appliance, but at a cost of 
torques loss. Although these rounded wires will create less 
friction, (beneficial for sliding mechanics), they rotate 
more within the buccal tube, thus losing torquing power. 
Table II demonstrates the actual measured lumen dimen-
sions of the tubes tested in this study. Buccal tubes are 
said to be manufactured at a slightly larger than stated 
dimension size for the same reasons that wires are produced 
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slightly smaller. This intentional discrepancy produces the 
same benefical effects in terms of wire placement and decreased 
friction, however, it also produces the same problem in torque 
loss through increased wire rotation. The tubes were measured 
at both the mesial and distal ends to test the consistency of 
individual tube dimension. In the vertical dimension, which 
is the more critical in terms of rotation within the tube, 
Ormco's product had a ,004 inch difference between means and 
A Company had a .0003 inch difference. The mean differences 
for the three other companies were within .001 inch. This 
indicates imperfections in manufacturing techniques. Further 
it implies that dimensions within the tube may not be con-
sistent with the end dimensions consequently binding may occur 
at some point with the tube. 
Ormco Co. states their tolerance to be .005 inch for 
their .018 inch x .025 inch tube, with the smallest allowable 
tube measuring .0180 inch and the maximu allowable tube 
measuring .0185 inch (Struch, 1980). This study found the 
mean vertical dimensions to be .0188 inch and .0192 inch 
which are outside their tolerance limit. 
Unitek Corporation claims their .018 inch x .025 inch 
tube to have a mean value of .01845 inch and a tolerance of ± 
.0025 inch (Creekmore, 1979). Thus their range of allowable 
tube dimensions is from .0182 inch to .0187 inch. This study 
found vertical lumen mean dimensions to be .0208 inch and 
.0209 inch which is beyond their tolerance range. 
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In the .022 inch x .028 inch buccal tube, the pub-
lished Unitek mean is .02225 inch with a tolerance of .0025 
inch, producing a range of .0220 inch to .0225 inch (Creek-
more, 1979). This study measured means of .0241 inch and 
.0234 inch which again are well beyond the stated tolerances. 
A Company states lumen sizes of .018 inch x .025 inch 
and .0220 inch x .0280 inch with tolerances of .0002 inch. 
Thus the ranges for vertical lumen dimensions .0178 inch to 
.0182 inch, and ,0218 inch to .0222 inch study found means of 
.0181 inch and .0184 inch which places at least the mesial 
portion of the tube within the stated tolerance. Also found 
for the larger appliance were means of .0223 inch and .0222 
inch which are at the maximum allowable stated tolerance. 
Rocky Mountain Corp. states their vertical lumen 
dimensions to be .018 inch and .022 inch (Rocky Mountain, 
1979). Tolerances were not procurable as Rocky Mountain con-
siders them proprietary inforation. Our measured means for 
vertical lumen dimension compare well with the stated dimen-
sion, as we found means of .0180 inch and .0181 inch, and 
.0214 inch and .0218 inch. 
Finally, American Corporation claims lumen dimensions 
of .0180 inch x .030 inch and .0220 inch x .030 inch for the 
tubes tested. Their tolerance is stated a ~ .0004 inch pro-
ducing a range of .0176 inch to .0184 inch and .0216 inch to 
.0224 inch (American, 1980). Our findings show experimental 
means within the manufacturer's stated tolerances. That is, 
.0179 inch for the .018 inch tube and .0221 inch and .0222 
inch for the larger tubes. 
As stated previously, deflection angles represent the 
amount of rotation of a rectangular wire within a rectangular 
buccal tube. This deflection angle is an indication of the 
amount of torque force lost in transition from wire to tooth. 
The smaller the deflection angle implies the more efficient 
the appliance is in application of torque. 
Studying the Ormco cast buccal tube of the .018 inch 
appliance, a mean deflection angle of 65.1 degrees was found 
(Table IV). The range was extremely large varying from 33.2 
degrees to 69.9 degrees. This is because nine of the ten 
tubes tested in the vicinity of 65 degrees, however one tube 
showed the mean of 33.2 degrees. Theoretically considering 
the physics involved, a square wire should bind at or prior to 
45 degrees of rotation or not bind at all. These two facts 
seemed to be in conflict with the results. Consequently all 
ten tubes were retested with very similar results, verifying 
the data. A possible explanation is that in reality the 
square wire would rotate a complete 360 degrees, however 
binding occurred in the testing apparatus due to a lack of 
absolute coaxiality of wire, tube, stage center, and light 
source. Regardless of the reason for binding a deflection 
angle of 65 degrees renders torquing moments impossible to 
achieve clinically. 
The .016 inch x .022 inch wire rotated a mean of 
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11.4 degrees with a range of 9.5 to 12.7 degrees, thus in-
dicatin~ a torque loss of approximately 11.5 degrees when 
using this dimension wire. Hence 12 degrees torque must be 
added to the wire prior to placement. 
Similarly the Ormco tube produced a deflection angle 
of 6.7 degrees when tested by the .017 inch x .025 inch wire. 
A range of 5·5 to 8.6 degrees was observed. Considering this 
dimension to be a full sized finishing wire adding an addition-
al 7 degrees of torsion into the wire for clinical application 
is certainly acceptable. 
Unitek Corporation's Twin torque appliance buccal 
tubes tested poorly throughout the experiment. The .018 inch 
dimension tube rotated 360 degrees when the .016 inch x .016 
inch square wire was inserted in all ten tubes. This rotation 
was easily exemplified by rotating the tube around the wire 
by hand outside of the appliance. Of course no torquing 
moments can be produced in such a situation. Consequently 
this dimension wire would act similarly to a round wire in 
this appliance. 
The .016 inch x .022 inch wire produced a mean deflec-
tion angle of 16.4 degrees, ranging from 15.2 to 18.8 degrees. 
This was the largest deflection angle mean for this size 
wire of all the tubes tested. 
Unitek again was credited with the largest amount of 
rotation for the .017 inch x .025 inch wire. A mean of 10.3 
degrees was found, with rotation varying from 9.2 to 11.3 
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degrees. This is over 3.5 degrees more torsion needed in this 
dimension wire when using Unitek as opposed to Ormco. 
The remaining three companies' products (A Company, 
Rocky Mountain, American) in the .018 inch appliance tested 
similarly. For the .016 inch x .016 inch wire, A Company 
produced a mean of 19.1 degrees but had a wide range of 12.8 
to 24.0 degrees. American Corp. produced the best consistency 
as evidenced by a standard deviation of 1.88 and range of 5.2 
degrees. In the .016 inch x .022 inch wire test, all three 
manufacturers showed tight ranges and low standard deviation 
(less than 1.0) indicating consistency in production. For 
the full sized .017 inch x .025 inch wire, Rocky Mountain's 
mean was over 2 degrees better than any other (J.J degrees). 
Both A Company and Rocky Mountain had tubes (two tubes in A 
Company, one tube in the Rocky Mountain sample) into which 
the .017 inch x .025 inch wire could be placed, yet no ob-
servable rotation could be noted. Thus binding was almost 
instantaneous with no significant torque loss. Some rotation 
must occur since if it did not, the wire would not pass 
through the tube, yet it was so minute in these three tubes, 
that it was not visually observable. 
The five manufacturers' products tested more uniformly 
in the .022 inch appliance (Table IV). Unitek again proved 
to have the highest deflection angles for all three wire 
dimensions. Thus from these results the Unitek appliance is 
the least efficient appliance for torquing purposes. In the 
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.018 inch x .022 inch wire test, Ormco had a standard devia-
tion twice as large as any other company (J.60 degrees) and 
also the widest range (1?.8 to 30.5 degrees). However, its 
mean deflection angle of 24.6 degrees was 5.6 degrees better 
than that of Unitek. In the .019 inch x .026 inch wire test, 
four companies' means were in the 11-13 degree range while 
Unitek showed a rotation mean of 16.6 degrees. In the full 
sized .021 inch x .025 inch in finishing wire, three compan-
ies (A Company, Rocky Mountain, American) provided means 
within 0.6 degree, (5.6 and 6.2 degrees) whereas Ormco was 
slightly higher (8.5 degrees) and Unitek higher still (10.J 
degrees). In this test, American Corp. had one tube which 
showed no observable rotation although the wire could be 
dropped into place. 
Based on the Completely Randomized Analysis of 
Variance and Duncan-Multiple Range Tests (Tables V through 
X), comparisons can be made between manufacturers for each 
wire test in both lumen dimensions with respect to their 
angles of deflection (Tables IX and XII). 
In the .018 inch category there was no significant 
difference between American, A Company, and Rocky Mountain 
for the .016 inch x .016 inch square and .016 inch x .022 
inch rectangular wire tests. Considering torquing efficiency 
Ormco and Unitek were inferior to the other companies in both 
the .016 inch x .016 inch and .016 inch x .022 inch tests. 
In fact, based on these results, it is not clinically 
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plausible to torque with a .016 inch x .016 inch wire in 
either the Unitek or Ormco appliance. For the .016 inch x 
.022 inch wire, only A Company and American proved to be 
significantly better than Ormco. In this same wire dimen-
sion, Unitek proved to be less efficient than the other four 
companies. In the .017 inch x .025 inch wire test there was 
no significant difference in torquing efficiency between 
Ormco and American and A Company and American. Rocky Moun-
tain proved most efficient, losing only J.J degrees to 
rotation. Unitek again was least efficient at 10.3 degrees. 
These results are critical when considering the goals 
of mechanics in certain treatment philosophies. For example, 
Bioprogressive Therapy employs a .016 inch x .016 inch square 
wire in an .018 inch appliance to establish and maintain 
molar torque and cortical anchorage throughout treatment. 
Based on these results, this procedure would fail in its 
goals if Ormco or Unitek appliances were used. Without 
sufficient comprehension of the tolerances to which their 
appliances are made, orthodontists would not be able to 
understand why their mechanics are not working efficiently. 
They would not be able to control their molar torque, loss 
of anchorage, and molar extrusion even though they may be 
placing additional torsion in their wires at each appointment 
to attempt to compensate for the lack of desired tooth move-
ment. In the cases of Ormco and Unitek, based on these 
results, no matter what degree of torsion is placed in a 
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.016 inch x .016 inch wire, no torque will be achieved. Even 
with the A Company appliance, which showed to be most effi-
cient for the .016 inch x .016 inch wire over 19 degrees of 
additional torsion must be placed in the wire to achieve the 
desired result. Clincally this means if you have a 20 degree 
pretorqued bracket, you must torque your wire an additional 
20 degrees to compensate for rotation within the tube. All 
significant differences were calculated at the P(.05 level. 
In the .022 inch appliances there was no significant 
difference between A Company, Rocky Mountain, and American in 
any of the three wire dimensions tested. In addition, Ormco 
and A Company showed no significant difference in torquing 
efficiency for any of the three wire dimensions. For the 
.018 inch x .022 inch wire (the utility arch in .022 inch 
mechanics) Unitek proved to be the least efficient, losing 
30.2 degrees to rotation. This is a significant difference 
compared to any of the other four manufacturers. Ormco (24.6 
degrees) also proved significantly less efficient than Rocky 
Mountain which showed the least deflection angle at 21.2 
degrees. In the .019 inch x .026 inch wire test, only Unitek 
was significantly different in torquing efficiency. Unitek's 
16.6 degree angle of deflection was significantly greater 
than the 11.3 to 12.9 degree range of the other manufacturers. 
The full sized .021 inch x .025 inch wire showed American, 
Rocky Mountain, and A Company indistinguishable in torquing 
efficiency, all needing approximately 6 degrees additional 
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torsion placed in the wire. Unitek again proved least 
efficient needing an additional 10.3 degrees to compensate. 
This was significantly greater than American, Rocky Mountain, 
and A Company. Ormco also was significantly less efficient 
than American and Rocky Mountain. Ormco and Unitek were not 
appreciably different. Again all statistical significance 
was based on the P(~05 level. 
Tables XIII and SIV show a comparison between the 
experimental angles of deflection found in this study and 
the theoretical angles calculated by the aforementioned for-
mula. Even though the dimensions used in the calculation 
were those measured in this study, a wide discrepancy exists 
between the theoretical and observed values, particularly 
in the smaller dimension arch wires for the particular lumen 
dimensions (.016 inch x .016 inch for the .018 inch lumen, 
and .018 inch x .022 inch for the .0221 lumen). This discrep-
ancy between theoretical and observed points out the ineffi-
ciencies in manufacturing. The theoretical calculation 
implies ideal tubes and wires, that is, perfectly rectangular 
wires with perfect square corners, and tubes with similarly 
perfect lumens. Also it implies consistency within the lumen. 
From this data, it is evident that the charts published based 
on this formula rather than experimental data, give an un-
realistic picture of the torquing efficiency of tubes and 
wires of certain dimensions. An orthodontist following these 
charts may still find his appliance to lack the efficiency and 
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control he desires. 
It should be noted here that this study was not truly 
a random sampling from the manufacturers involved. Results 
of this study are based on measurements made from just ten 
tubes from each company in both lumen dimensions. Indeed, 
even these ten tubes presumably came from the same batch, 
although the manufacturers would not reveal batch numbers. 
Even so, variation within the same group of ten was found. 
The limited number of tubes involved curtails the validity of 
certain generalizations that could be made from this study. 
FIGURES 8 THROUGH 67 
REPRESENTATIVE PHOTOGRAPHS OF RECTANGULAR WIRES 
ROTATING IN THE BUCCAL TUBES TESTED IN THIS STUDY 
(All photographs at 12.5X) 
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Figure 8. .016 inch x .016 inch wire in Ormco . 
. 018 inch x .025 inch cast tube passive. 
Figure 9. .016 inch x .016 inch wire in Ormco . 
. 018 inch x .025 inch cast tube binding . 
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Fi gure 10. .016 inch x .022 inch wire in Ormco . 
. 01 8 inch x .025 inch cast tube passive . 
Figure 11. .016 inch x .022 inch wire in Ormco• 
.018 inch x .025 inch cast tube binding . 
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Fi gure 12. .017 inch x .025 inch wire in Ormco . 
. 018 inch x .025 inch cast tube passive. 
Figure 13. .017 inch x .025 inch w1re in Ormco· 
.018 inch x .025 inch cast tube binding . 
Figure 14. .016 inch x .01 6 inch wire in Unitek • 
. 018 inch x .025 inch cast tube passive. 
Figure 15. .016 inch x .016 inch wire in Unite~ 
.018 inch x .022 inch cast tube 
after 90 degrees rotation. 
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Figure 16. .016 inch x .022 inch wire in Unitek . 
. 018 inch x .025 inch cast tube passive. 
Figure 17. .01 6 inch x .022 inch wire in Unitek . 
. 018 inch x .025 inch cast tube binding . 
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Fi gure 18. .017 inch x .025 inch wire in Unitek . 
. 018 inch x .025 inch cast tube passive. 
Figure 19. .017 inch x .025 inch wire in Unitek . 
. 018 inch x .025 inch cast tube binding. 
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Figure 20. .016 inch x .016 inch wire in A Company . 
. 018 inch x .025 inch milled tube passive. 
Figure 21. .016 inch x .016 inch wire in A Company . 
. 018 inch x .025 inch milled tube binding . 
Figure 22. 
Figure 2J. 
.016 inch x .022 inch wire in A Company. 
. 018 inch x .025 inch milled tube passive . 
. 016 inch x .022 inch wire in A Company. 




.017 inch x .025 inch tube in A Company . 
. 018 inch x .025 inch milled tube passive . 
. 017 inch x .025 inch tube in A Company. 
.018 inch x .025 inch milled tube binding . 
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Figure 26. .016 inch x .016 inch wire in Rocky Mountain . 
. 01 8 inch x .025 inch milled tube passive. 
Figure 27. .01 6 inch x .01 6 inch wire in Rocky Mountain . 
. 01 8 inch x .025 inch milled tube binding . 
Figure 28. .016 inch x .022 inch wire in Rocky Mountain . 
. 018 inch x .025 inch milled tube passive. 
Figure 29. .016 inch x .022 inch wire in Rocky Mountain . 
. 018 inch x .025 inch milled tube binding. 
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Figure JO. .017 inch x .025 inch wire in Rocky Mountain . 
. 018 inch x .025 inch milled tube passive. 
Figure 31. .017 inch x .025 inch wire in Rocky Mountain . 
• 018 inch x .025 inch milled tube binding . 
Fi gure ]2. .016 inch x .016 inch wire in American. 
,018 inch x .OJO inch milled tube passive. 
Figure JJ, .016 inch x .016 inch wire in American . 
. 018 inch x .OJO inch milled tube binding . 
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Figure 34. .016 inch x .022 inch wire in American . 
• 018 inch x .030 inch tube passive. 
Figure 35. .016 inch x .022 inch wire in American . 




.017 inch x .025 inch wire in American . 
. 018 inch x .OJO inch milled tube passive . 
. 017 inch x .025 inch wire in American. 
.01 8 inch x .OJO inch milled tube binding . 
71 
Figure 38. .018 inch x .022 inch wire in Ormco . 
. 022 inch x .028 inch cast tube passive. 
Figure 39· .018 inch x .022 inch wire in Ormco . 
. 022 inch x .028 inch cast tube binding . 
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Fi gure 40. .019 inch x .026 inch wire in Orrnco . 
. 022 inch x .028 inch cast tube passive. 
Fi gure 41. .019 inch x .026 inch wire in Orrnco . 
. 022 inch x .028 inch cast tube binding . 
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Figure 42. .021 inch x .025 inch wire in Ormco . 
. 022 inch x .028 inch cast tube passive. 
Figure 4J. .021 inch x .025 inch wire in Ormco . 
. 02 2 inch x .028 inch cast tube binding . 
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Figure 44. .018 inch x .022 inch wire in Unitek . 
. 022 inch x .028 inch cast tube passive. 
Figure 45. .018 inch x .022 inch wire in Unitek • 
. 022 inch x .028 inch cast tube binding . 
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Figure 46. .019 inch x .026 inch wire in Unitek . 
. 022 inch x .028 inch cast tube passive. 
Figure 4?. .019 inch x .026 inch wire in Unitek . 
. 022 inch x .028 inch cast tube binding . 
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Figure 48. .021 inch x .025 inch wire in Unitek . 
. 022 inch x .028 inch cast tube passive. 
Figure 49. .0 21 inch x .025 inch wire in Unitek . 
. 022 inch x .028 inch cast tube binding . 
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Figure 50. .018 inch x .022 inch wire in A Company . 
. 022 inch x .028 inch milled tube passive. 
Figure 51 .. 018 inch x .022 inch wire in A Company • 
. 022 inch x .028 inch milled tube binding . 
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Figure 52. .019 inch x .026 inch wire in A Company • 
. 022 inch x .028 inch milled tube passive. 
Figure 53. .019 inch x .026 inch wire in A Company • 
. 022 inch x .028 inch milled tube binding . 
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Figure 54. .021 inch x .025 inch wire in A Company . 
. 022 inch x .028 inch milled tube passive. 
Figure 55· .021 inch x .025 inch wire in A Company . 
. 022 inc~ x .028 inch milled tube binding . 
Figure 56. .018 inch x .022 inch wire in Rocky Mountain . 
. 022 inch x .028 inch milled tube passive. 
Figure 57· .018 inch x .022 inch wire in Rocky Mountain . 




.019 inch x .026 inch wire in Rocky Mountain. 
.022 inch x .028 inch milled tube passive . 
. 019 inch x .026 inch wire in Rocky Mountain. 
.022 inch x .028 inch milled tube binding . 
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Figure 60. .021 inch x .025 inch wire in Rocky Mount ain . 
. 022 inch x .028 inch milled tube passive. 
Figure 61. .021 inch x .025 inch wire in Rocky Mountain . 
. 022 inch x .028 inch milled tube binding . 
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Figure 62. .018 inch x .022 inch wire in Amer~can . 
. 022 inch x .OJO inch milled tube passive. 
Figure 6J. .01 8 inch x .022 inch wire in American . 
. 022 inch x .OJO inch milled tube binding . 
Figure 64. 
Figure 65. 
.019 inch x .026 inch wire in American . 
. 022 inch x .OJO inch milled tube passive • 
. 019 inch x .026 inch wire in American. 
.022 inch x .OJO inch milled tube binding . 
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Figure 66. .021 inch x .025 inch wire in American . 
. 022 inch x .OJO inch milled tube passive. 
Figure 67. .021 inch x .025 inch wire in American . 
. 022 inch x .OJO inch milled tube binding . 
CHAPTER VI 
CONCLUSIONS 
Based on the samples involved in this study, and the 
statistical analysis of this data, the following conclusions 
are made. 
There is variation between the manufacturers' stated 
lumen dimension and actual lumen size, even beyond the man-
ufacturers' stated tolerances. 
There is variation between manufacturers as to the 
lumen dimension which can alter treatment response depending 
upon which appliance is used. 
Rectangular wires will rotate within a rectangular 
buccal tube to varying degrees depending upon the size of the 
wire used and company involved. This means that additional 
torsion must be placed in the wire prior to application 
intraorally. The amount of this additional torquing of the 
archwire will depend upon the manufacturer of the appliance 
used. 
Molar torque can not be efficiently accomplished with 
a .016 inch x .016 inch square wire using the Ormco or Unitek 
.018 inch pretorqued buccal tubes. 
In general, American, A Company, and Rocky Mountain 
showed little variation in torquing efficiency, whereas the 
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Ormco and Unitek pretorqued systems were less efficient in 
terms of molar torque. 
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Theoretical calculations and published charts of 
deflection angles based on these calculations are deceiving 
in that they do not reveal a true expression of the amount 
of torque dissipated through rotation of the rectangular 
wire in that tube. 
CHAPTER VII 
SUMMARY 
The purpose of this study was to derive the 
mechanical tolerance, or fit, of rectangular orthodontic 
wires in the new generation pretorqued appliance buccal 
tubes, and to determine the additional amount of torsion to 
be placed in the wire to compensate the torquing force lost 
dueto the angular rotation of the rectangular wire within 
the tube. 
Five manufacturers were examined; A Company, 
American Orthodontics, Ormco, Rocky Mountain, and Unitek. 
Ten mandibular second molar tubes from each of their pre-
torqued appliances were tested for both the .018 inch lumen 
and the .022 inch lumen. 
Three wires for each lumen size were rotated within 
each tube a total of twelve times (six clockwise and six 
counterclockwise). The wire dimensions used were: 
for the .018 inch x .02.5 inch lumen size 
1 • .016 inch x .016 inch 
2. .016 inch x .022 inch 
J. .017 inch x .02.5 inch 
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for the .022 inch x .028 inch lumen size 
1 . .018 inch x .022 inch 
2. .019 inch x .026 inch 
J. .021 inch x .025 inch 
These were Rocky Mountain Tru-chrome wires. 
Measurements were made on the Unitron Metallographic 
microscope with special adaptations to allow for centering 
the tube, wire and light source, and maintaining that coaxality 
while rotating the tubes. 
Measurements of the internal dimensions of the lumens 
of the sample tubes were made at both mesial and distal ends 
of the tubes to compare for dimensional consistency within 
each tube and to compare the theoretical calculated amount 
of rotation of each wire with the tubes to the experimental 
values. 
Statistical analysis was made to compare torquing 
efficiency of the molar tubes between manufacturers. 
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APPENDIX A-1 
EFFECTIVE TORQUE - .018 SLOT 
FROM DELLINGER (1978) 
DEVIATION ANGLE 
WIRE SIZE DEGREES 
.016 X .016 9.62 
.016 X .022 6.68 
.016 X .026 3.58 
.017 X .017 5.12 
.017 X .022 3.88 
.017 X .025 3·39 
.018 X .018 2.13 
.018 X .022 1.71 
.018 X .025 1.50 
APPENDIX A-1 
EFFECTIVE TORQUE ANGLE - DEGREES 
BRACKET TORQUE ANGLE - DEGREES 
1 3 7 10 11 17 22 25 30 
0 0 0 
·38 1.38 7.38 12.38 15.38 20.38 
0 0 .32 3·32 4.32 10.32 15.32 18.32 23.32 
0 0 1.43 4.43 5.43 11.43 16.43 19.43 24.43 
0 0 1.88 4.88 5.88 11.88 16.88 19.88 24.88 
0 0 3.12 6.12 7.12 13.12 18.12 21.12 26.12 
0 0 3.61 6.61 7.61 13.61 18.61 21.61 26.61 
0 .87 4.87 7.87 8.87 14.87 19.87 22.87 27.87 
0 1.29 5.29 8.29 9·29 15.29 20.29 23.29 28.29 




EFFECTIVE TORQUE - .022 SLOT 
FROM DELLINGER (1978) 
EFFECTIVE TORQUE ANGLE - DEGREES 
DEVIATION ANGLE BRACKET rrORQUE ANGLE - DEGREES 
WIRE SIZE DEGREES 1 3 7 10 11 17 22 25 30 
.016 X .022 18.85 0 0 0 0 0 0 3.15 6.15 11.15 
.016 X .026 15.18 0 0 0 0 0 0 6.82 9.82 14.28 
.017 X .017 22.74 0 0 0 0 0 0 0 2.26 7.26 
.017 X .022 15.46 0 0 0 0 0 1.54 6.54 9.54 14.54 
.017 X .025 13.17 0 0 0 0 0 3·83 8.83 11.83 16.83 
.018 X .018 17.11 0 0 0 0 0 0 4.89 7.89 12.89 
.018 X .022 12.86 0 0 0 0 0 4.14 9.14 12.14 17.14 
.018 X .025 11.02 0 0 0 0 0 5.98 10.98 13.98 18.98 
.019 X .025 7.88 0 0 0 2.11 3.11 9.11 14.11 17.11 22.11 
.021 X .021 3.52 0 0 3.48 6.48 7.48 1.;3.48 18.48 21.48 26.48 
.021 X .025 2.93 0 .07 4.07 7.07 8.07 17.07 19.07 22.07 27.07 
.025 X .025 1.74 0 1.26 5.26 8.26 9.26 15.26 20.26 23.26 28.26 




DEVIATION ANGLE FOR NOMINAL AND WORST TOLERANCE CONDITIONS 
FROM DELLINGER (1978) 
MAXIMUM TOLERANCE 
NOMINAL SMALLEST ALLOWABLE NOMINAL DEVIATION ANGLE DEVIATION ANGLE 
WIRE SIZE (IN. ) WIRE SIZE (IN.) 0.018 0.022 0.018 0.022 
0.016 X 0.016 0.01575 X 0.01575 9.62 12.09 
0.016 X 0.022 0.01575 X 0.021 6.68 18.85 8.56 22.13 
0.016 X 0.026 0.01575 X 0.025 5.58 15.18 
0.017 X 0.017 0.01675 X 0.01675 5.12 22.74 7.13 26.78 
0.017 X 0.022 0.01675 X 0.021 3.88 15.46 
0.017 X 0.025 0.01675 X 0.024 3·39 13.17 6.08 15.33 
0.018 X 0.018 0 • 0 1 7 6 :.x 0 • 0 1 7 6 2.13 17.11 3.70 19.68 
0.018 X 0.022 0.0176 X 0.021 1.71 12.86 
0.018 X 0.025 0.0176 X 0.024 1.50 11.02 2.67 12.86 
0.019 X 0.025 0.01875 X 0.024 7.88 9.63 
0.021 X 0.021 0.02075 X 0.02075 3.52 5.06 
0.021 X 0.025 0.02075 X 0.024 2.93 4.32 
0.0215 X 0.025 0.02125 X 0.024 1.74 3.06 
0.0215 X 0.028 0.02125 X 0.027. 1.55 2.70 
0.022 X 0.022 0.02175 X 0.02175 0.66 2.01 
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APPENDIX A-LI· 
EFFECTIVE TORQUE - .018 SLOT 
FROM CREEKMORE (1979) 
WIRE SIZE PLAY (DEGREES) 
.016 X .016 16.? 
.016 X .022 9.J 
.016 X .026 7·J 
.017 X .017 8.2 
.017 X .022 5.4 
.017 X .025 4.5 
.018 X • 018 J.2 
.018 X .022 2.4 
.018 X .025 2.0 
APPENDIX A-4 
EFFECTIVE TORQUE (DEGREES) 
FOR VARIOUS BRACKET TORQUE AN~LES 
1 J 7 10 11 17 22 
0 0 0 0 0 O.J 5·J 
0 0 0 0.7 1.7 7·7 12.7 
0 0 0 2.7 J.7 9·7 14.7 
0 0 0 1.8 2.8 8.8 1J.8 
0 0 1.6 4.6 5.6 11.6 16.6 
0 0 2.5 5·5 6.5 12.5 17·5 
0 0 J.8 6.8 7.8 1J.8 18.8 
0 0. 6' 4.6 7.6 8.6 14.6 19.6 

























EFFECTIVE TORQUE - .022 SLOT 
FROM CREEKMORE (1979) 
WIRE SIZE PLAY (DEGREES) 
.016 X ,022 27.4 
.016 X .026 20.0 
.017 X .017 ROTATES 
.017 X .022 22.J 
.017 X .025 17.7 
.018 X • 018 31.8 
.018 X .022 18.4 
.018 X .025 14.8 
.019 X .025 10.5 
.021 X .021 5.0 
.021 X .025 3·9 
.0215 X .025 2.J 
.0215 X .028 2.0 
.022 X .022 1.0 
APPENDIX A-5 
EFFECTIVE TORQUE (DEGREES) 
FOR VARIOUS BRACKET TORQUE ANGLES 
1 3 7 10 11 17 22 25 30 
0 0 0 0 0 0 0 0 2.6 
0 0 0 0 0 0 2.0 5.0 10.0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 2.7 7·7 
0 0 0 0 0 0 4.3 7·3 12.3 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 3.6 6.6 11.6 
0 0 0 0 0 2.2 7.2 10.2 15.2 
0 0 0 0 0.5 6.5 11.5 14.5 19.5 
0 0 2.0 5.0 6.0 12.0 17.0 20.0 25.0 
0 0 3.1 6.1 7.1 13.1 18.1 21.1 26.1 
0 0.7 4.7 7·7 8.7 14.7 19.7 22.7 27-7 
0 1.0 5.0 8.0 9.0 15.0 20.0 23.0 28.0 
0 2.0 6.0 9.0 10.0 16.0 21.0 24.0 29.0 
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